Identification of a visual target can be enhanced by a simultaneously presented high tone embedded in a sequence of low tones. This is called "freezing effect" because it is as if the target display was frozen in time by the tone. Until now, however, it has not been known whether this sound facilitation effect exists for a target with modalities other than vision, such as tactility, and if so, what its underlying mechanism is. We demonstrate, for the first time, an audio-tactile freezing effect (Experiment 1). We use a method of constant stimuli in conjunction with a 2-AFC task to determine the point of subjective equality (PSE) of the duration (Experiment 2A) or intensity (Experiment 2B) of the tactile target. Results do not support the view that a high tone expands the duration of the tactile target, but rather that the tone enhances participants' subjective tactile intensity. When the tactile intensity of the target was increased to match the shift of PSE as in Experiment 2B, this increased intensity indeed improved identification, further suggesting that intensity enhancement is the mechanism (Experiment 3). The perceived tactile intensity enhancement by a sound indicates genuine multisensory integration.
Our environment contains information that we take in by different sensory modalities, such as vision, audition, and touch. Input sent to different modalities is not processed independently without cross-talk among the senses, however. Information from one modality facilitates processes of the others. Such cross-modal facilitation exists in everyday life and has been demonstrated in studies that looked at different kinds of modality pairings, such as audition and vision (Andersen & Mamassian, 2008; Lippert, Logothetis, & Kayser, 2007) , vision and touch (Arabzadeh, Clifford, & Harris, 2008; Ngo & Spence, 2010a) , and touch and audition (Schürmann, Caetano, Jousmaki, & Hari, 2004; Zampini, Torresan, Spence, & Murray, 2007) .
Among the cross-modal facilitations, the phenomenon in which a high-pitch tone (among a sequence of low-pitch tones) enhances the identification of a simultaneously presented visual target in rapidly changing displays is called "freezing effect" (Ngo & Spence, 2010b , 2010c ; see , for a review; Vroomen & de Gelder, 2000) . Researchers produced a sequence of simultaneously presented tones and visual stimuli and asked participants to identify the pattern of the visual target in the sequence. They found that participants responded faster and more accurately when an embedded high tone among a sequence of low tones was presented simultaneously with the visual target, compared with the condition with only low tones in the sequence of sounds. Vroomen and de Gelder named this phenomenon "freezing" because "Phenomenally, it looks as if the sound is pinning the visual stimulus for a short moment so that the visual display "freezes." (Vroomen & de Gelder, 2000) .
Studies of the freezing effect typically focused on the crossmodal facilitation effect on vision, that is, the improvement of visual performance (e.g., Ngo & Spence, 2010b , 2010c . Presumably, because we live in a multisensory world, if a salient tone would make the visual display "freeze," this effect may as well extend to the other senses, such as touch. On the other hand, vision is often a dominant sense over touch (e.g., Rock & Victor, 1964 , but see Ernst & Banks, 2002) , and thus it is possible that only vision is affected.
We propose that the freezing effect exists in the audio-tactile domain as well, and that a simultaneously presented high tone facilitates rapid tactile identification. As vision, touch is critical to survival in numerous situations. For example, Braille is one way to convey the external information to the blind. For people with normal vision, tactile input that serves as a warning cue can enhance detection and reactions to targets or threatening events in visually overloaded situations, such as driving (Carlander & Eriksson, 2006; Oskarsson, Eriksson, & Carlander, 2012; Spence & Ho, 2008) or navigation (Eriksson et al., 2008) . Previous studies have revealed that a simultaneously presented auditory stimulus can improve performance on various tactile tasks, such as detection or spatial localization (Pick, Warren, & Hay, 1969) . For example, Ro, Hsu, Yasar, Elmore, and Beauchamp (2009) demonstrated that a synchronized sound enhanced tactile sensitivity-but did not alter decision biases-and increased detection rate of tactile inputs. However, it is unknown whether such auditory facilitation can be extended to tactile identification. If so, it means that an auditory stimulus does not just enhance the general awareness, but also facilitates detailed information of the tactile stimulus. Identification of the configuration or relative spatial relationship is needed in cases like Braille reading by the blind.
Our second goal is to examine-if an audio-tactile freezing effect exists-how a salient high-pitch tone affects the subjective properties of tactile sensation, that is, to reveal the cause of the audio-tactile freezing effect. There are two potential answers. First, the sound may prolong the perceived duration (Chen & Yeh, 2009; Hidaka, Teramoto, Gyoba, & Suzuki, 2010) of the target, and thus participants have more time to identify it. Second, the sound may enhance the perceived intensity of the target (Noesselt, Bergmann, Hake, Heinze, & Fendrich, 2008; Stein, London, Wilkinson, & Price, 1996; Van der Burg, Olivers, Bronkhorst, & Theeuwes, 2008) , and thus the target becomes more salient to yield a better identification.
In the present study, we first measure the participants' performance in identifying a tactile target in a rapid sequence of simultaneously presented tactile and auditory stimuli to examine whether an audio-tactile freezing effect exists (Experiment 1). After demonstrating an audio-tactile freezing effect, we went on to determine whether it is the perceived duration (Experiment 2A) or the perceived intensity (Experiments 2B) that underlies the audiotactile freezing effect. We further confirmed the answer in Experiment 3.
Experiment 1
To examine whether a freezing effect exists in regard to tactile sensations, we presented a high-pitch tone (embedded in the sequence of low-pitch tones) simultaneously with a tactile target in a rapidly changing sequence of stimuli. The goal was to examine whether the high-pitch tone induces a better tactile identification with the tactile target than a low-pitch one.
Method Participants
Twelve undergraduates at National Taiwan University participated in Experiment 1 in exchange for course credit. All of the participants have normal audition and touch and gave consent forms before the experiment began. This study followed the human subject ethics guidelines and was approved by the ethics committee of the Department of Psychology, National Taiwan University.
Apparatus and Stimuli
Participants were tested individually in a small chamber. They wore headphones and held their left palm lying on a table, 30 cm in front of their body. One loudspeaker was placed 10 cm to the left of the participant's left hand, and the other was placed 10 cm to the right of their left hand. Three vibrators were placed on the participant's left palm and arranged as an equilateral triangle with the side length 5 cm (see Figure 1a) . While the left hand was used for tactile stimulation, the right hand was used to press the key on the keyboard for response.
Tactile stimuli. The three vibrators (VS-179, A-Best Wire Harness & Components Co., Ltd., Taipei, Taiwan) with 2 ϫ 3-cm vibrating surfaces were used to present the tactile stimuli. Each vibrator was connected to a custom-designed analogue output device composed of three sound cards (JAZZ-UB80, Intopic International, Taipei, Taiwan) that were used to activate each vibrator and was controlled by MATLAB (MathWorks) on a personal computer (ASUS BM5220/AS-D760). A 250-Hz sine wave of 100-ms duration was used to generate tactile stimuli presented via vibrators (cf. Hillstrom, Shapiro, & Spence, 2002) . The sampling rate of the tactile signal was 22,050 Hz, and the peak amplitude was 0.4 mm/s. Auditory stimuli. Two kinds of sine wave tones, a 250-Hz low tone and a 1000-Hz high tone, of 100-ms duration were presented at 85 dB via two loudspeakers. White noise was presented with headphones at 60 dB to mask the sounds generated by the operation of the vibrators.
Procedure
In each trial, there were four different tactile stimuli, each presented for 100 ms, with an interstimulus interval (ISI) 209 ms between them. The third tactile stimulus consisting of two activated vibrators served as the target, and the nontarget stimuli (the first, second, and fourth stimuli) were composed of one activated vibrator. The sequence of the four tactile stimuli was repeatedly presented until participants either had made a response or until the stimulus had been repeated 10 times in each trial without a response.
The tactile target was in one of the three forms: left side, right side, and bottom side of the triangle (see Figure 1b) , and partici- pants were asked to identify the pattern of the target as fast and as accurately as possible by pressing the "Enter" key with their little finger and then to press the "O" key to indicate the left-side pattern, "[" key the right-side pattern, or ";" key the bottom-side pattern, with the index finger, ring finger, or middle finger, respectively. Finally participants were asked to press the "space" key with their thumb when they were ready for the next trial.
Each auditory stimulus was presented simultaneously with each tactile stimulus, and there were two sound conditions: LLLL and LLHL. In the LLLL condition, four low tones were presented with the four tactile patterns. In the LLHL condition, the third low tone was replaced by a high tone. Participants were informed that there were two sound conditions and that high tones were always synchronized with the tactile targets.
To ensure that participants were able to discriminate the three kinds of target patterns, there was a pretest given before the experiment. In the pretest, three patterns of the target were presented in random order. Participants conducted the experiment only after they correctly answered the order of these three consecutive trials.
Experiment 1 contained one practice block and three identical experimental blocks, with the trials presented in each block in a random order. The practice block contained 12 trials. Each of the six conditions (three patterns of the target ϫ two sound conditions) was presented twice. The experimental block contained 60 trials, and each of the six conditions was presented 10 times per block.
Results and Discussion
The reaction time (RT) and accuracy of each trial were recorded (see Figure 2 ). The time from the onset of the first tactile stimulus to the participant's pressing the "Enter" key was recorded as RT. Only RTs of the trials with correct responses were used in later analyses. If the participant failed to respond after 10 repetitions of the stimuli, the trial was terminated and excluded from analyses. The RTs and accuracy for each participant were submitted to a one-factor repeated-measure ANOVA with the condition of sound (LLLL vs. LLHL) as a within-subjects variable.
For the RT data, the ANOVA revealed a significant main effect of sound, F(1, 11) ϭ 11.69, p Ͻ .01, 2 ϭ .52. Participants responded faster in the LLHL condition than the LLLL condition. Participants also responded more accurately in the LLHL condition than the LLLL condition, F(1, 11) ϭ 8.50, p Ͻ .05, 2 ϭ .44. Experiment 1 revealed a similar improvement (faster RT and higher accuracy in the LLHL than in the LLLL condition) of the tactile identification as in the audio-visual freezing effect, despite the procedures of our study differing from the vision and touch study by Vroomen and de Gelder (2000) . The first difference is that Vroomen and de Gelder used a mask after each visual stimulus. However, our pilot study showed that it was too difficult to identify the target with a mask. To maintain appropriate task difficulty, we did not use a mask. Second, because Vroomen and de Gelder claimed that auditory segregation is necessary to cause the freezing effect, they repeated a sequence of tones and visual masks several times before each trial to build up an auditory segregation in their research. However, other research revealed that the auditory segregation is not the key mechanism of freezing effect (e.g., Ngo & Spence, 2010c; , so we removed the repetition of tones and tactile masks before each trial.
Nevertheless, both our study and that of Vroomen and de Gelder (2000) demonstrated that participants identified the target better in the LLHL condition. To our best knowledge, this is the first time the freezing effect has been found in tactile sensation.
Experiment 2
How does a high tone among low tones enhance the tactile identification? It is possible that a high tone can prolong the subjective duration, so that the longer the perceived duration, the better the tactile identification. Alternatively, the high tone might increase the subjective intensity of tactile stimuli; the higher the perceived intensity, the better the tactile identification.
We used the method of constant stimulus in conjunction with a 2-AFC task to determine the point of subjective equality (PSE) of the duration (Experiment 2A) and intensity (Experiment 2B) of the tactile sensation to test these two possibilities. When comparing the two sound conditions (LLHL vs. LLLL), if the high tone prolongs the subjective duration, the PSE of the tactile target should shift to reflect that when it was paired with high tone rather than with low tone in Experiment 2A. If subjective intensity is increased, then it should be reflected by the shift of the PSE in Experiment 2B. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Method Participants
Twenty-three and 21 participants took part in Experiments 2A and 2B, respectively. The experiment took an hour and participants received NTD (New Taiwan Dollar) 100 for their participation. All of the participants had normal audition and touch.
Apparatus and Stimuli
All apparatus and stimuli were the same as those in Experiment 1.
Design and Procedure
The experimental setup and procedure of Experiment 2 were the same as in Experiment 1 with the following exceptions. Four auditory and tactile stimuli were presented once rather than 10 times. Three tactile nontarget stimuli with the same duration and intensity as in Experiment 1 served as the standard. The target (the third stimulus) served as the comparison, and we varied the target duration and intensity in Experiments 2A and 2B, respectively.
In Experiment 2A, the duration of the comparison varied among seven durations: 40, 60, 80, 100, 120, 140, and 160 ms. The duration of the standard was 100 ms. Participants were asked to discriminate whether the comparison was longer or shorter than the standard by pressing the "O" key with the middle finger or the "I" key with the index finger, respectively (see Figure 3a) . Participants were told that any of the three standards could be used for comparison because they were of the same duration. Auditory stimuli in Experiment 2A were presented for 200 ms and longer than all tactile stimuli. The midpoint of the duration of the auditory stimulus coincided with the midpoint of the duration of the tactile stimulus. This was to prevent participants from making responses by comparing durations of sound. Each auditory stimulus was separated by one of the three ISIs: 139, 209, and 279 ms randomly. The irregular ISIs were to prevent the participants from making responses according to a constant rhythm.
In Experiment 2B, the intensity of the comparison was varied among seven intensities by manipulating the amplitude. Amplitude ratios of comparison to standard were 0.25, 0.40, 0.63, 1, 1.58, 2.51, and 3.98. Four auditory and tactile stimuli were presented once. Participants were asked to discriminate whether the comparison was stronger or weaker than the standard by pressing the "O" key or the "I" key, respectively 1 (see Figure 3b ). Experiments 2A and 2B both contained one practice block before the formal experiment. In the practice block, there were only two kinds of comparisons, which had extreme durations (40 ms and 160 ms) or intensities (amplitude ratios were 0.25 and 3.98). Each of 12 conditions (two durations in Experiment 2A or two intensities in Experiment 2B ϫ two sound conditions ϫ three patterns of the target) was presented once.
The experiment contained two sections of sound presentation: LLLL and LLHL, with the orders counterbalanced between participants and a 3-min break between the two sections. Each section contained three identical experimental blocks of 84 trials. Each of the 21 conditions (seven durations/intensities ϫ three patterns of the target) was presented four times in one experimental block.
Results and Discussion
The data were fitted by a Weibull function and the 50% point of the fitted curve was taken as the point of subjective equality (PSE) for each participant. The group-averaged psychometric function for LLLL and LLHL conditions in Experiments 2A and 2B are plotted in Figure 4 .
To make sure that the PSEs used in analyses appropriately represented the real subjective equality for each participant, three participants in Experiment 2A were removed from analyses because of bad 1 In Experiment 2B, the standard stimulus contained one activated vibrator, but the comparison stimulus contained two. One might wonder how participants compared the intensity of one with two stimuli. Participants indeed were not instructed about how to compare the comparison with the standards in Experiment 2B. However, the two sound conditions (LLLL vs. LLHL) were a within-subjects variable; that is, the comparison and standards should be compared in the same way in these two sound conditions for each participant. Therefore, any difference between PSEs of the intensity in the two sound conditions should not be attributed to the way of comparison between one versus two stimuli. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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fits (deviance test, D м 12.85, p Ϲ .028). PSEs for each participant were submitted to a one-factor repeated-measure ANOVA with the condition of sound (LLLL vs. LLHL) as the within-subjects variable. There was no significant difference between the two sound conditions, F(1, 19) ϭ 0.87, p Ͼ .05, 2 ϭ .044. In Experiment 2B, three participants were removed from analyses because of bad fits (deviance test, D м 8.53, p Ϲ .026). The ANOVA revealed a significant difference on PSEs between the two sound conditions, F(1, 17) ϭ 9.19, p Ͻ .01, 2 ϭ .35. We calculated the enhancement ratio by dividing the PSE in LLLL condition by the PSE in LLHL condition for each participant and the average of them was 1.12; that is, compared with a low tone, an embedded high tone in the sequence of low tones enhanced the subjective intensity of tactile target 12%.
In summary, Experiment 2 tested two potential effects of high tones on the subjective experience of touch. In Experiment 2A, we found no evidence for the expansion of subjective duration of the target by high tones. However, Experiment 2B demonstrated the enhancement of subjective tactile intensity by high tones. Taken together, we infer that audio-tactile freezing effect is caused by subjective intensity enhancement, but not by the duration extension of tactile stimuli.
However, in Experiment 2, participants made judgment concerning the duration or intensity of the comparison, compared with the standard, and the PSEs in the LLHL and LLLL conditions differed only with the judgment on the intensity of the tactile target. We inferred from this that the high tone changed the perceived intensity of the tactile target. However, this is only an indirect measure, and there was no tactile identification task in this experiment. Therefore, it remains unknown whether this enhancement of subjective intensity indeed causes the improvement of tactile identification. It is possible that the high-pitch tone could enhance the subjective intensity of the target, but it may not be sufficient to promote the identification of the tactile target. This was tested in Experiment 3: we examined whether the intensity enhancement revealed by Experiment 2B improved tactile identification as in the original setup of the tactile task in Experiment 1.
Experiment 3
To further confirm that it is intensity enhancement that improves the tactile identification, we increased the physical intensity of the tactile target directly to imitate the subjective intensity enhancement by the effect of high tone. We removed the LLHL condition and replaced it with the increased tactile intensity of the target presented with a low tone. In this way, we intended to see whether increasing the tactile intensity would produce the same improvement as a high tone in the LLHL condition in Experiment 1. Participants conducted the same tactile identification task as in Experiment 1. If the identification performance improved in the increased intensity condition, this would support our inference of tactile intensity enhancement by sound in tactile identification in Experiment 2B.
Method Participants
Sixteen participants volunteered to participate in this experiment. The experiment took an hour and participants received NTD 100 for their participation. All of the participants had normal audition and touch.
Apparatus, Stimuli, and Procedure
All apparatus, stimuli, and procedure were the same as in Experiment 1, except for the following. First, the tactile intensity of the target was increased 12% (labeled as "Increase") or maintained at the same level as the nontarget stimuli (labeled as "Same"). Second, each of the four tactile stimuli was presented with a low-pitch tone in both the "Increase" and "Same" conditions. Third, Experiment 3 contained only two experimental blocks.
Results and Discussion
One participant was removed from analyses because he or she failed to respond after 10 repetitions of the stimuli in more than half of trials. The RTs and accuracy for each participant were submitted to a one-way repeated-measure ANOVA with the condition of vibrotactile intensity (Increase vs. Same) as the withinsubjects variable. The ANOVA revealed that participants responded faster, F(1, 14) ϭ 7.03, p ϭ .019, 2 ϭ .33, and more accurately, F(1, 14) ϭ 9.01, p ϭ .01, 2 ϭ .39, in the Increase condition than the Same condition (see Figure 5) .
In Experiment 3, we manipulated the physical intensity of the tactile target to directly test whether increased tactile intensity causes the facilitation of the tactile identification. The result This document is copyrighted by the American Psychological Association or one of its allied publishers.
showed that the enhanced tactile intensity indeed helped participants identify the target faster and more accurately, supporting our inference that audio-tactile freezing effect is caused by subjective intensity enhancement of the target.
General Discussion
In this study, we demonstrate the audio-tactile freezing effect for the first time and show that it is due to intensity enhancement rather than duration extension. Results of Experiment 1 revealed that the tactile identification of the target was improved by a synchronous high tone presented in a sequence of low tones. Experiment 2A showed no evidence that a high tone could prolong the subjective duration of a target. Experiment 2B, on the other hand, demonstrated that a high tone could enhance subjective intensity of the tactile target. Further, Experiment 3 showed that increasing the intensity of the tactile target as with the perceived increment of intensity enhancement in Experiment 2B indeed helped tactile identification. The results of Experiments 2B and 3 therefore support the view that audio-tactile freezing effect is caused by intensity enhancement.
One key issue of the freezing effect is what is the mechanism behind it: how does an embedded high-pitched sound enhance the identification of the visual target? Vroomen and de Gelder (2000) claimed that cross-modal perceptual organization causes the audiovisual enhancement and the visual target can be segregated from the other nontarget visual stimuli, with the aid of a simultaneous high-pitch sound perceptually segregated from an auditory stream of low-pitch sounds. The cross-modal perceptual organization was also shown in audio-tactile domain, at least in motion perception. Vitello and Ernst (2007) demonstrated the motion-bounce illusion in tactile sensation by two apparently moving vibrotactile stimuli, finding that more participants perceived that two stimuli were "bouncing" when a sound was presented at the point of vibrotactile coincidence. According to these studies, audio-tactile perceptual organization enhances the saliency of the tactile target and causes the freezing effect and may explain our results here.
Not all studies support this perceptual-organization account however. For example, Ngo and Spence (2010c) had a single high-pitch sound simultaneously presented with a visual target rather than four tones presented with each of four visual stimuli. They found a single high-pitch sound sufficient to improve the visual identification. Although it is possible that enhanced visual identification in the LLHL condition as used in Vroomen and de Gelder (2000) and in the H alone condition as used in Ngo and Spence (2010c) may come from different mechanisms and both work to facilitate visual identification, the simpler explanation might be that perceptual organization is not a necessary condition for the freezing effect. Note that we removed the repetition of stimulus streams before each trial-which was used to build up the auditory perceptual organization in the research of Vroomen and de Gelder (2000) -and the freezing effect was found still. Either the auditory perceptual organization does not need repetitions to build up and can be formed immediately, or auditory perceptual organization is not the key mechanism of freezing effect. Further research is needed to tease these apart. Spence and Ngo (2012) inferred that a salient sound captures attention, which spreads to the target and extends the perceived duration (i.e., attention-induced extension of duration) to cause the freezing effect. Although there was no empirical evidence of an extension in the freezing effect, they thought their inference consistent with the literal meaning of "freezing" as well as supported by research using other paradigms: For example, Chen and Yeh (2009) used an oddball paradigm and found that the visual target can be perceived longer when an unexpected auditory stimulus was simultaneously presented. However, our results here do not support Spence and Ngo's (2012) view because we found no evidence of duration extension by a salient sound in audio-tactile freezing effect.
One possibility is that our auditory stimuli were not salient enough to attract attention to prolong the subjective duration in Experiment 2A. We refute this possibility because the sound with the same salience improves the tactile identification in Experiment 1 and enhances the subjective intensity of the target in Experiment 2B. On the other hand, previous research demonstrated that there was no attention-induced extension of duration when the target was shorter than 120 ms (Tse, Intriligator, Rivest, & Cavanagh, 2004) , and it is worth noting that stimuli in most studies of freezing effect, including our Experiment 2A (97-100 ms), are within this range. Taken together, attention-induced extension of duration is not the best explanation of the mechanism behind the freezing effect, at least in the audio-tactile domain, as shown here. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Although attention-induced extension of duration is not the mechanism for the freezing effect, attention may promote the audio-tactile freezing effect postperceptually. That is, after the perceptual enhancement of subjective intensity, the increased salience of the tactile target may have made it easier for the participants to allocate their attention to the target, just like a visual salient stimulus can guide attentional allocation (Theeuwes, 1992 (Theeuwes, , 1994 . This is consistent with studies showing that a salient multisensory stimulus can affect attentional selection or allocation to facilitate performances (Talsma, Senkowski, Soto-Faraco, & Woldorff, 2010; Van der Burg et al., 2008) .
Our results show that multisensory integration is a more appropriate explanation for the mechanism behind the audio-tactile freezing effect. First, single neuron recordings or brain imaging studies have revealed that multisensory neurons in the auditory association cortex respond to both auditory and tactile inputs and create enhanced neuronal responses (Foxe et al., 2002; see Meredith, 2002 , for a review; Schroeder et al., 2001; Schürmann, Caetano, Hlushchuk, Jousmäki, & Hari, 2006) . These multisensory neurons can be an interface to integrate the high tones and tactile targets in the current study. Second, multisensory integration can affect subjective properties of stimuli, such as intensity. For example, Stein et al., (1996) reported that a simultaneously presented sound enhances the subjective brightness of visual target by multisensory integration. The brightness enhancement in their research is similar to the tactile intensity enhancement in our study.
Several studies demonstrated multisensory integration of audition and touch (e.g., Gillmeister & Eimer, 2007; Sperdin, Cappe, & Murray, 2010) , and some of them revealed that low-level features, such as frequency of a stimulus, can affect audio-tactile integration . asked participants to match the loudness of a probe sound to the standard sound, finding that when the probe sound was simultaneously presented with a vibrotactile stimulus, the matched loudness was lower when two stimuli had the same frequency than when they were different. Further research is needed to examine whether low-level features affect the audio-tactile freezing effect as well.
It is worth noting that the mechanism in the audio-tactile freezing effect may be different from what happens in the audio-visual modalities. First, the performance of the tactile identification in our study (RT: 6000 -7000 ms; accuracy: 60 -70%) is worse than previous studies that showed the audio-visual freezing effect (RT: 3000 -4000 ms; accuracy: 75-80%, see Ngo & Spence, 2010c) . Although these differences might be attributable to the difficulty of tactile identification, as opposed to visual identification, it is also possible that different mechanisms are responsible for the effects in audio-tactile versus audio-visual modalities. Second, Ngo and Spence (2012) compared two sound conditions: "LLLL" and "LL No-sound L" and found a better performance of visual identification in the latter condition. Their result suggests that the audiovisual freezing effect can be induced when there is no possibility for multisensory integration (i.e., there is no sound to be integrated). However, no studies so far have shown similar effects in the audio-tactile case. Even if so, it is still possible that different mechanisms are responsible for the performance enhancement in the "LLHL" and "LL No-sound L" conditions.
Given that we have shown the cause of the freezing effect is an intensity enhancement and not a duration extension as is implied by the literal meaning of its name "freezing," "freezing effect" may not be the most appropriate name for what facilitates performance in this kind of study. Previous studies that explain the freezing effect as being caused by duration extension (e.g., Van der Burg et al., 2008 ) may have to be reconsidered.
